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ABSTRACT
Image- guided brachytherapy in cervical cancer has been 
developed to be a feasible and very efficient component 
of the treatment of locally advanced cervical cancer in 
addition to concurrent chemoradiation treatment. This 
technique allows effective dose coverage of the target 
while sparing the organs at risk through adjustment of 
the implants (intracavitary and interstitial needles) and 
multi- pararametric three- dimensional treatment planning. 
Emerging evidence from prospective studies shows a 
high rate of local control throughout all stages, superior 
to two- dimensional brachytherapy, with limited toxicity 
for each organ site. This is associated with a high rate 
of pelvic control and overall survival. Based on clinical 
evidence, there is a dose–effect relationship for both 
disease and morbidity endpoints from which clear dose 
constraints for the target and organs at risk were derived. 
This review gives an overview of the major milestones that 
occurred in the development of image- guided adaptive 
brachytherapy in the last two decades, including outcome 
data and a summary of the hard and soft dose constraints 
recommended for targets and organs at risk.

INTRODUCTION

Globally, cervical cancer is still a challenge. Despite 
screening, vaccination and cutting- edge technology 
treatments being available, there are still women 
dying with this disease in many parts of the world. 
One of the main aims of the gynecological and 
governmental societies in the new millennium is for 
everyone to have access to state- of- the- art preven-
tion and treatments for cervical cancer.1

Radiation oncology treatments are the main stay 
in locally advanced cervical cancer when curative 
intention is the goal. After concurrent external beam 
radiation therapy and chemotherapy, a very focused, 
volume- prescribed radiation dose is delivered to the 
tumor rest in the cervix through a technique called 
brachytherapy. Brachytherapy is an essential compo-
nent of locally advanced cervical cancer treatment 
and plays a critical role. Multiple studies have demon-
strated a decrease in local recurrence and an improve-
ment in overall survival when brachytherapy is used 
in these patients.2–4 The success of brachytherapy 
requires extreme conformity, with delivery of a high 
radiation dose directly to the tumor while sparing 
surrounding normal tissues via rapid radiation dose 
fall- off beyond the implanted tumor volume. In 
the past, brachytherapy was performed based on 

two- dimensional images and dose prescription to a 
reference point: point A. This was originally defined 
as a point located 2 cm superior to the lateral vaginal 
fornix and 2 cm lateral to the cervical canal, assuming 
that the region represented the tolerance limits due 
to crossing of the uterine artery and ureter. In the last 
20 years of the twentieth century, the importance of 
better imaging shifted the drive of research toward 
better modalities of guidance in brachytherapy. The 
initial steps were made by CT- guided brachytherapy,5 
followed by MRI guidance being either incorporated or 
as a unique imaging modality.6 7 Often transabdom-
inal or transrectal ultrasound guidance is also used 
to supplement the information about the tumor rest, 
especially during the applicator insertion and in some 
institutions for planning purposes.8–11 In a few centers 
positron emission tomographie (PET)- CT has been 
used in clinical practice for brachytherapy guidance 
purposes.12 The overall aim of this paper is to review 
and describe the current status of image- guided 
brachytherapy for cervical cancer.

TARGET VOLUME AND ORGAN AT RISK DEFINITION 
AND DOSE PRESCRIPTION, REPORTING, AND 
FRACTIONATION

Through the advent of image guidance, both the 
target and the organs at risk were better visualized 
and a whole era of developments in brachytherapy 
has elapsed. Precise target and organ at risk delin-
eation were determined and incorporated in recom-
mendations for use in clinical practice.13–16 MRI has 
been the imaging modality of first choice for the 
female pelvis since the early 1990s due to its intrinsic 
high soft tissue contrast. Therefore, the vast majority 
of the dramatic technical advances that occurred in 
the brachytherapy of gynecological malignancies 
are based on MRI procedures. The newly introduced 
adaptive approach was based on the assumption that 
volumes containing microscopic disease at diagnosis 
can be controlled with external chemoradiation of 
45–50 Gy, whereas the brachytherapy boost aims to 
control the following: volumes that contain residual 
macroscopic tumor or assumed pathological tissue at 
the time of brachytherapy, and volumes with poten-
tial residual microscopic disease in the region where 
the tumor was present at diagnosis.17 Consequently, 
the residual gross tumor volume as seen on MRI is 
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delineated at the time of brachytherapy. The adaptive high- risk clin-
ical target volume incorporating the residual gross tumor volume, 
the whole cervix, and areas still at risk for harboring microscopic 
disease is contoured. The high- risk clinical target volume became 
an important parameter for dose prescription18 and later was 
discovered to be a prognostic factor for overall survival.19 A third 
target volume, the adaptive intermediate risk clinical target volume, 
takes into account the tumor size at the time of diagnosis, or when 
applicable, a safety margin added to the high- risk clinical target 
volume. More recently, these volume definitions based on MRI with 
applicator in situ at the time of brachytherapy were adapted for 
CT guidance to be used in centers in which MRI is not available 
at brachytherapy, but instead CT is used.15 Briefly, the minimum 
requirements are clinical examination and documentation, CT or 
MRI at diagnosis, and at minimum CT at the time of brachytherapy. 
CT- based target contouring recommendations are based on four 
tumor remission categories within eight defined environments that 
are described in detail in the recommendations.15 The Interna-
tional Commission on Radiation Units & Measurements 89 report 
gives recommendations on contouring of organs at risk on three- 
dimensional images with the brachytherapy applicator in situ.16 
These recommendations should include contouring of the outer 
wall of the bladder, rectum, sigmoid colon, and bowel.

As a natural development, the dose prescription shifted gradually 
from the classical point A to the volumes described above. Indi-
vidual plans were created in order to adapt the 100% prescribed 
dose to the volume of the rest tumor at the time of brachytherapy, 
rather than using standard plans, irrespective of tumor size16 18 
(Figure  1). Recommendations for dose and volume reporting of 
three- dimensional image- guided brachytherapy in locally advanced 
cervical cancer are outlined in the International Commission on 

Radiation Units & Measurements 89 report and include the summed 
dose from external beam radiation and brachytherapy boost.16 The 
current standard for reporting the equi- effective dose in cervical 
cancer image- guided adaptive brachytherapy is an equivalent 
dose in 2 Gy fractions (EQD2) using alpha/beta ratios of 10 Gy for 
tumor volumes and 3 Gy for organs at risk.16 For pulsed dose rate 
brachytherapy, a repair half time of 1.5 hours is the current stan-
dard. The principles presented here are based on schedules of 
45–50 Gy external beam radiation to the whole pelvis and 40–45 Gy 
of brachytherapy either applied by high dose rate or pulsed dose 
rate. To obtain and maintain local control, low- dose regions in the 
target volumes are assumed critical, and reporting of the near 
minimum dose (D98) for all contoured volumes is recommended.17 
One very important dose volume histogram parameter is the dose 
delivered to 90% of the high- risk clinical target volume, which is 
representative of a large portion of the target.18 The median dose 
(D50) reflects the high dose delivered to the central part of the high- 
risk clinical target volume, which may presumably also have impor-
tance for local control.17 Regarding the reporting of dose volume 
histogram parameters for organs at risk to assess morbidity, it was 
shown that the high- dose regions are essential. Dose to hotspots in 
the organ walls (for the bladder, rectum, sigmoid colon, and bowel) 
are best described through reporting the dose as small absolute 
volume, such as 0.1 cm3 (D0.1cm3) and 2 cm3 (D2cm3). Additionally, 
the International Commission on Radiation Units & Measurements 
bladder point dose and rectovaginal point dose are correlated to 
bladder and vaginal long- term toxicity; therefore, they should also 
be reported.20 21 The Commission’s rectovaginal reference point is 
positioned at the intersection level between the tandem and the 
source positions in the ovoids or ring and 5 mm dorsal of the poste-
rior vaginal wall on the axis perpendicular to the body axis. The 

Figure 1 Milestones in the development of brachytherapy in locally advanced cervical cancer from X- ray- based (two- 
dimensional) to MRI- guided adaptive brachytherapy. (A) Two- dimensional brachytherapy using radiography as imaging 
modality and standard plans with dose prescription to point A (situated 2 cm superior to the lateral vaginal fornix and 2 cm 
lateral to the cervical canal) irrespective of tumor size and response to chemoradiation. (B) MRI of a patient with locally 
advanced cervical cancer with applicator in situ superimposed on the X- ray of the same patient and a standard two- 
dimensional plan prescribed to point A. The dotted white line shows a rest tumor in the right parametria which could not be 
covered by the prescription dose of a standard plan, increasing the risk of local recurrence in this patient. (C) Coronal view 
of a T2- weighted MRI of a patient with locally advanced cervical cancer with rest tumor in the left parametria for whom an 
intracavitary/interstitial tandem and ring applicator with interstitial needles on the left was performed. Delineated volumes: 
residual gross tumor volume (GTV- T

res
) is encompassed by the 150% isodose line (in black) by a D98>>95 Gy with D98 being 

the near minimum dose encompassing that volume; the adaptive high- risk clinical target volume (CTV- T
HR

) encompassed by 
the 100% prescription dose (yellow) resulting in a dose to 90% of the volume of >90 Gy; the adaptive intermediate- risk target 
volume (CTV- T

IR
) encompassed by the 50% prescribed dose resulting in a dose to 90% of this volume of >60 Gy (according to 

EMBRACE II protocol). (D) Sagittal view of a T2- weighted MRI of the same patient as in (C), depicting the minimum dose to the 
most exposed 2 cm3 (D2cm3) of the bladder wall which in this case is <80 Gy, D2cm3 rectal wall which is 64 Gy, and D2cm3 for 
the sigmoid wall which is 61 Gy (according to EMBRACE II protocol).24
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dose to the rectovaginal point has been shown to correlate with the 
probability of developing vaginal stenosis.20

Administration of higher external beam radiation doses leads 
to considerably larger volumes being irradiated to intermediate 
dose levels, with no benefit to local control, but rather increased 
toxicity.22 23 Therefore, it can be considered beneficial to restrict 
the external beam radiation dose to 45 Gy. In the case of pathologi-
cally enlarged lymph nodes, a dose escalation of 55 Gy to the pelvic 
lymph nodes and 57–60 Gy to the para- aortic lymph nodes could 
be applied through a sequential or a simultaneously integrated 
boost. Schedules with 45 Gy external beam radiation require larger 
brachytherapy dose contribution, potentially more brachytherapy 
fractions, and higher demands on the brachytherapy quality (such 
as the availability of intracavitary/interstitial implants).17 It is 
recommended that brachytherapy be applied during weeks 6–7 of 
treatment.24 A frequently used fractionation schedule for image- 
guided adaptive brachytherapy includes 45 Gy external beam 
radiation combined with four fractions of image- guided adaptive 
brachytherapy, which may be delivered in two applicator insertions. 
In this case, a full recovery is assumed to occur between frac-
tions, therefore an interval of at least 6–8 hours is recommended 
between fractions.16

Reduction from four to two or three fractions may be feasible for 
small tumors or tumors with good response by applying sufficient 
dose to the limited size high- risk clinical target volume, without 
violating organ at risk dose constraints. Large residual tumor 
volumes with large size, high- risk clinical target volume will benefit 
from four image- guided adaptive brachytherapy fractions to achieve 
the highest possible tumor control with acceptable morbidity.17 A 
large number of centers in which MRI- based image- guided adap-
tive brachytherapy is performed are delivering pulsed dose rate 
brachytherapy in one, or two to three applications, in general with 
10–45 pulses/fraction and one pulse/hour delivered. Regardless of 
the dose rate (high dose rate or pulsed dose rate), it is essential 
that a dose to 90% of the high- risk clinical target volume receives 
a minimum dose of 85 Gy EQD

2
 within an overall treatment time 

of 45–50 days.25 Data regarding delivery of chemotherapy during 
brachytherapy are scarce. A monoinstitutional retrospective study 
looking at patients treated for locally advanced cervical cancer 
including pulsed dose rate image- guided adaptive brachytherapy 
showed that an additional cycle should be considered at the time 
of brachytherapy if the patient’s blood cell count is within a normal 
range, especially in patients with large, high- risk clinical target 
volume at the time of brachytherapy.26

Based on clinical evidence,25 a dose of >85 Gy (dose to 90% of 
the high- risk clinical target volume) delivered in 7 weeks provides 
3 year local control rates of  >94% in limited size high- risk clin-
ical target volume (20 cm3), >93% in intermediate size (30 cm3), 
and >86% in large size (70 cm3) high- risk clinical target volume. 
For intermediate- risk clinical target volume, residual gross tumor 
volume dose of  >60 Gy and  >95 Gy (D98) leads to similar local 
control. A dose of 5 Gy (to 90% of the high- risk clinical target volume) 
is required to compensate for an increase in overall treatment time 
by 1 week.25 The dose constraints and levels of local control intro-
duced in the EMBRACE II protocol are based on these data, and 
therefore if treatment time is longer or shorter than 7 weeks, the 
dose planning aims should be adjusted by 5 Gy per week for high- 
risk clinical target volume. The data underline the importance of 

keeping the overall treatment time as short as possible, especially 
for large size high- risk clinical target volume, where a higher dose 
is needed to reach >90% local control. In any case, every effort 
should be made to keep the overall treatment time  <50 days.24 
Current common schedules such as 45 Gy external beam radio-
therapy combined with image- guided adaptive brachytherapy of 
two fractions of 9 Gy, five fractions of 5.5 Gy, or four fractions of 
7 Gy correspond to a total equivalent dose in 2 Gy fractions using 
a/b=10 (EQD2

10
) of 73 Gy, 80 Gy, and 84 Gy, respectively (a/b=10).

Very recently, a prospective study showed that delivering three 
fractions with one application is feasible and results in a dose of 
90% of the high- risk clinical target volume of over 84 Gy when 
brachytherapy is performed in a specialized center.27 Based on 
recent clinical evidence from RetroEMBRACE and EMBRACE I and 
some monoinstitutional studies, specific dose prescription recom-
mendations for the target and constraints for organs at risk are 
currently available (Table 1).17 25

In order to respect the planning aims, more complex applica-
tions including intracavitary/interstitial implants may be required. 
Although it is an invasive procedure, operator dependent (similar 
to surgical procedures), and requires a learning period, there is an 
obvious increase in the number of interstitial procedures in cervical 
cancer from 23%28 to 43%29 and 70% in EMBRACE II. Contrary 
to expectations, intracavitary/interstitial implants do not result in 
more long- term side effects, but they do dramatically improve 
local control, especially in large and/or asymmetrical tumors at 
the time of brachytherapy.30 31 In parallel to imaging development 
as a guidance tool for brachytherapy, different types of MRI and 
CT compatible applicators were developed. These allow insertion 
of the needles to cover the parametrial infiltration to the pelvic 
wall and vaginal involvement.32–35 In some cases, free or trans- 
perineal application of needles could be required (Figure 2). Some 
implantation- related side effects are reported in the literature 
with the use of combined intracavitary/interstitial applicators. 
The most feared acute complication is significant bleeding. In a 
cohort of 69 patients with locally advanced cervical cancer and 
large tumor rest at the time of brachytherapy with infiltration of 
parametria ±pelvic wall, in whom Vienna II tandem/ring and titan 
needles were inserted, acute bleeding occurred at a relatively high 
rate.34 During applicator removal, active bleeding was observed 
in 19 patients (27.5%). These events were classified as arterial 
in six patients and were seen mainly with a large diameter ring 
(30 or 34 mm), venous in 12 patients, and arterial bleeding due 
to myoma rupture occurred in one patient. In a different cohort of 
61 patients including all stages of locally advanced cervical cancer 
who were treated by means of a hybrid applicator (Venezia), signifi-
cant bleeding also occurred after removal of the applicator, but only 
in four of 241 applications.35 This low rate may be due to improved 
ease of insertion/removal of the split ring design of the Venezia 
applicator compared with the standard ring. Nonetheless, in both 
papers, arterial or venous bleeding was conservatively managed 
by the radiation oncology team, with continuous compression for 
at least 6–10 min. The patient with the myoma rupture underwent 
surgical intervention and was discharged later. Regardless of the 
application type, intracavitary/interstitial implants with image 
guidance allows target coverage in tumors that in the past were 
deemed untreatable.
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OUTCOME

Target
From the early 1990s when the first image- guided adaptive 
brachytherapy was attempted in locally advanced cervical cancer, 
to the present time, a large number of centers in the world have 
incorporated this technique in clinical practice. Several single- 
center series,6 7 22 36 37 a non- randomized prospective French study 
using CT guidance,30 and a large retrospective multicenter series28 
using mainly MRI guidance have shown the safety and feasibility of 
image- guided adaptive brachytherapy in routine practice with clin-
ically and statistically significant improved local and pelvic control 
and reduced morbidity. Most recently, the first large- scale multi- 
institutional prospective study (24 institutions) using MRI guidance 
of brachytherapy confirmed the findings conveyed in the previous 
papers.29 The study reported at a median follow- up of 51 months 
an actuarial 5 year local control of 92% (95% CI 90% to 93%), 
pelvic control of 87% (85% to 89%), overall survival of 74% (72% to 
77%), and disease- free survival of 68%. Actuarial cumulative 5 year 
incidence of grade 3–5 morbidity was 6.8% (95% CI 5.4% to 8.6%) 

for genitourinary events, 8.5% (6.9% to 10.6%) for gastrointestinal 
events, 5.7% (4.3% to 7.6%) for vaginal events, and 3.2% (2.2% to 
4.5%) for fistulae.

The treatment consisted of chemoradiotherapy (weekly intrave-
nous cisplatin 40 mg/m², five to six cycles, 1 day per cycle, plus 
45–50 Gy external- beam radiotherapy delivered in 1.8–2 Gy frac-
tions) followed by MRI- based image- guided adaptive brachytherapy. 
The MRI- based image- guided adaptive brachytherapy target 
volume definition and dose reporting were according to Group 
de Curiethérapie- European SocieTy for Radiotherapy & Oncology 
recommendations. Image- guided adaptive brachytherapy dose 
prescription was open according to institutional practice.29 In 
this cohort, 1317 patients underwent image- guided adaptive 
brachytherapy including dose optimization for a median high- risk 
clinical target volume of 28 cm³ (IQR 20–40) and median dose to 
90% of the high- risk clinical target volume was 90 Gy (IQR 85–94) 
EQD2. The study accrued patients between 2008 and 2015, there-
fore FIGO 2009 staging was used. Actuarial stage- based local 
control and overall survival were reported as follows: stage IB1: 

Table 1 Summary of dose–effect and volume–effect relationships for endpoints relevant for brachytherapy and the currently 
recommended soft and hard constraints (modified according to Tanderup et al17). The table is based on an update of the 
EMBRACE II constraints which are found in the EMBRACE II protocol24

Target/organ 
at risk Dose Endpoint

Recommended dose planning aims Level of 
evidenceSoft constraint Hard constraint

High- risk 
clinical target 
volume

Dose to 90% of the 
volume

Local control >90 Gy EQD2
10

<95 Gy EQD2
10

>85 gy EQD2
10

High

High- risk 
clinical target 
volume

D98 Local control >80 Gy EQD2
10

>75 Gy EQD2
10

Bladder D2cm3 Bleeding, cystitis, 
fistula

<80 Gy EQD2
3

<85 Gy EQD2
3

High

Bladder International Commission 
on Radiation Units & 
Measurements bladder 
point

Incontinence <75 Gy EQD2
3

<85 Gy EQD2
3

High

Rectum D2cm3 Bleeding, proctitis, 
fistula

<65 Gy EQD2
3

<75 Gy EQD2
3

High

Rectum International Commission 
on Radiation Units 
& Measurements 
rectovaginal point

Bleeding, proctitis, 
fistula

<65 Gy EQD2
3

<75 Gy EQD2
3

High

Sigmoid D2cm3 Diarrhea, fistula, 
strictures, bleeding

<70 Gy EQD2
3

<75 Gy EQD2
3

No correlation/
under 
investigation

Bowel D2cm3 Fistula, strictures, 
incontinence, 
bleeding

<65 Gy EQD2
3

<75 Gy EQD2
3

High

Vagina International Commission 
on Radiation Units 
& Measurements 
rectovaginal point

Vaginal stenosis <65 Gy EQD2
3

<75 Gy EQD2
3

High

D98, dose to 98% of volume; D2cm3, minimum dose to the most exposed 2cm3 of organ wall; EQD2
3
, equivalent dose in 2 Gy fractions 

(EQD2) using alpha/beta ratios of 3 Gy for organs at risk; EQD2
10

, equivalent dose in 2 Gy fractions (EQD2) using alpha/beta ratios of 10 Gy 
for tumour volumes; high- risk clinical target volume, adaptive high- risk clinical target volume.
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98% and 83%; stage IB2: 92% and 73%; stage IIA1: 91% and 
80%; stage IIA2: 89% and 74%; stage IIB: 91% and 78%; stage 
IIIA: 100% and 76%; stage IIIB: 92% and 64%; stage IVA; 91% 
and 52%; stage IVB based on para- aortic lymph node involvement 
89% and 61%. Throughout the stages, local control in this study is 
superior to historical series using two- dimensional point A based 
brachytherapy.23 38 39 This improvement is remarkable (over 14%) in 
stage IIIB disease. These excellent local control rates are probably 
due to improvement in target contouring, implant technique, and 
three- dimensional planning.

Organs at Risk
Side effects in patients treated definitively for locally advanced 
cervical cancer are related to both external beam radiation and 
image- guided adaptive brachytherapy. They are patient reported 
and physician reported, and therefore are prone to report bias, 
are interconnected, and it may be difficult to differentiate between 
organ levels, but they impact to an important degree on the quality 
of life of patients. Severe grade 3–5 toxicity occurs within 90 days 
of completing the treatment and actuarial incidence increases 

slowly after 3–5 years.40 The prospective STIC trial showed that 
three- dimensional brachytherapy results in less late severe toxicity 
incidence in comparison to two- dimensional brachytherapy.30

The image- guided adaptive brachytherapy experience has also 
provided descriptive evaluations of morbidity time patterns as well 
as analyses of risk factors, including dose. In the multi- institutional 
cohort of EMBRACE I,29 a total of 330 grade 3–5 morbidity events 
(genitourinary, gastrointestinal, vaginal, fistulas) were observed in 
183 (14.6%) of 1251 patients. The most common grade 3–5 events 
(5 year actuarial cumulative incidence) were fistulae (3.2%, 95% CI 
2.2% to 4.5%; 42 events), gastrointestinal stenosis (2.8%, 1.9% to 
4.2%; 26 events), gastrointestinal bleeding (2.2%, 1·4% to 3·4%; 
22 events), diarrhea (1·9%, 1·2% to 3·0%; 20 events), ureteric 
strictures (2.9%, 2.1% to 4.2%; 36 events), urinary incontinence 
(2.2%, 1.4% to 3.3%; 24 events), urinary frequency (1.8%, 1.1% to 
2.8%; 19 events), cystitis (1.3%, 0.8% to 2.3%; 14 events), vaginal 
stenosis (4.0%, 2.8% to 5.7%; 36 events), and vaginal mucositis 
(1.4%, 0.8% to 2.3%; 14 events). In the post hoc analysis, fistulae 
and ureteric strictures were more common in 203 patients with 

Figure 2 Rationale for interstitial application. In this example of left parametrial involvement to the pelvic wall at the time 
of diagnosis and residual tumor to the left middle parametria at the time of IGABT, a dose of 88 Gy to the D90 CTV- T

HR
 was 

possible through straight and oblique needles inserted through the ring applicator. T2- weighted MRI sagittal, coronal, and axial 
images were taken at the time of diagnosis, IGABT, and after 7 years of follow- up (patients remained in complete remission). 
CTV- T

IR
, intermediate- risk clinical target volume; GTV- T

res
, residual gross tumor volume; IGABT, image- guided adaptive 

brachytherapy.
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stage IIIA–IIIB cancer (17 fistulae, 10.2%, 95% CI 6.3% to 16.2%; 
20 ureteric strictures, 10.8%, 6.9% to 16.8%; n=31 patients), and 
in 34 patients with stage IVA cancer (six fistulae, 18.6%, 7.8% 
to 40.6%; six ureteric strictures, 21.3%, 9.8% to 42.9%; n=12 
patients) than in 1005 patients with IB1–IIB cancer with 11 fistulae 
(1.3%, 0.7% to 2.5%) and 10 ureteric strictures (0.7%, 0.3% to 
1.6%; n=19 patients). Furthermore, within the RetroEMBRACE and 
EMBRACE studies, organ- specific dose–effect relationships were 
addressed. For rectum, a dose for the most exposed 2 cm3 volume 
of >65 Gy results in 15%–25%≥G2 rectal morbidity, while when the 
dose is below 65 Gy, the ≥G2 morbidity of this organ decreases to 
5%–10%. A dose for the most exposed 2 cm3 volume rectum ≥75 Gy 
increases the risk for rectovaginal fistula.41 Bowel is a relatively 
new organ at risk for brachytherapy, introduced by the advent of 
image- guided adaptive brachytherapy. There is no clear delimita-
tion of the small and large bowel, therefore the term ‘bowel’ refers 
to the rest of the large bowel minus the sigmoid and rectum and the 
small bowel close to the external beam radiation and brachytherapy 
target.24 The total severe toxicity on the bowel is limited. Actuarial 
overall G3,4 at 3/5 years is 5%/5.9%.42 43 The bladder toxicity could 
be assessed by the dose to 2 cm3 of most exposed bladder volume 
and the International Commission on Radiation Units & Measure-
ments Bladder point.21 31 44 Baseline urinary morbidity and over-
weight or obesity were significant risk factors for most endpoints.44 
A dose >80 Gy to the most exposed 2 cm3 bladder volume results 
in ≥G2 toxicity in 30%–40% of patients, while below that dose the 
incidence decreases to 15%–30%.45 The International Commission 
on Radiation Units & Measurements bladder point doses >75 Gy 
increase the ≥G2 bladder incontinence.21 44 The dose to the most 
exposed 2 cm3 bladder volume correlated with G>2 fistula, bleeding 
and cystitis, while International Commission on Radiation Units & 
Measurements bladder point dose correlated with pain. An increase 
from 75 Gy to 80 Gy resulted in an increase from 8% to 13% for the 
4 year actuarial estimate of G>2 cystitis.44

A dose of >75 Gy to the International Commission on Radiation 
Units & Measurements rectovaginal point increases the risk of ≥G2 
vaginal stenosis.20 Currently, there is no dose–effect correlation 
regarding the specific sigmoid bowel morbidity or ureteral toxicity. 
However, for ureteral toxicity, we know that the overall incidence of 
ureteral stenosis following image- guided adaptive brachytherapy is 
quite limited (actuarial at 5 years 2.1%), however in patients with 
hydronephrosis at the onset, the probability rises to 11.5%.45 46

Moreover, based on the findings of EMBRACE, there are ongoing 
studies regarding the distinction between transient and persistent 
symptoms through Persistence of Late Substantial Patient- Reported 
Symptoms (LAPERS).47 Patient- reported symptoms (European Orga-
nization for Research and Treatment of Cancer (EORTC)- C30/CX24) 
and physician- assessed morbidity (Common Terminology Criteria 
for Adverse Events (CTCAE), version 3.0) were assessed at base-
line and regular time points during follow- up. LAPERS events were 
defined as the presence of substantial EORTC symptoms (quite a 
bit/very much) for at least half of the assessments (persistence) 
and progression beyond the baseline condition (treatment related). 
For each EORTC symptom, the ratio between LAPERS rates and 
crude incidence rates of substantial symptoms was calculated to 
represent the proportion of symptomatic patients with persisting 
symptoms. For nine symptoms with a corresponding EORTC/
CTCAE assessment, the overlap of LAPERS and severe morbidity 

events (grades 3–5) was evaluated. Within a large cohort of survi-
vors of locally advanced cervical cancer, a subgroup of patients 
with persistent symptoms (LAPERS events) was identified. These 
symptoms were diarrhea, blood in stool, difficulty in controlling 
the bowel, urinary frequency, urinary incontinence, lymphedema, 
insomnia, fatigue, and menopausal symptoms. For symptoms with 
a corresponding EORTC/CTCAE assessment, the vast majority of 
LAPERS events occurred in patients without corresponding severe 
physician- assessed morbidity. Across all symptoms, LAPERS rates 
were substantially lower than crude incidence rates, which empha-
sizes the importance of distinguishing between transient and 
persisting symptoms.47

Based on all these findings, the current EMBRACE II protocol24 
recommends the following dose constraints for the target and the 
organs at risk17 (Table 1). However, when a case is faced in which 
dose constraints for organs at risk cannot be achieved, we recom-
mend that the patient is counseled appropriately regarding the 
potential side effects prior to the application and the dose to target 
is not compromised. As mentioned before, potential strategies to 
improve an implant and to respect the dose constraints include 
the use of interstitial needles, and to spare organs at risk, vaginal 
loading de- escalation and attention to the applicator positioning. In 
cases of big tumors at the time of diagnosis or large tumor rest or 
progression at the time of brachytherapy, timely referral to a more 
experienced brachytherapy center should be considered.

Future Studies
Based on clinical evidence from RetroEMBRACE25 and EMBRACE I,17 
85 Gy EQD2 is being used as a hard dose constraint in the ongoing 
EMBRACE II study along with other multi- parametric dose prescrip-
tions for targets and organs at risk for both external beam radiation 
and image- guided adaptive radiotherapy. Here, in addition to MRI- 
guided adaptive brachytherapy, external beam radiation should be 
delivered through image guidance and by means of intensity modu-
lated radiotherapy. The EMBRACE II study stopped accrual at the 
end of 2021. In parallel, new protocols, which incorporate the risk 
factor data and new systemic agents, will be developed for the next 
research questions which potentially could be answered by the next 
EMBRACE III studies.

CONCLUSION

The advent of image- guided adapted brachytherapy in addition to 
chemoradiotherapy has changed the practice due to its excellent 
results, which dramatically improve local and pelvic control with 
potential impact on the overall survival and diminished side effects. 
Based on these findings, MRI- guided adaptive brachytherapy is the 
new gold standard treatment of locally advanced cervical cancer, 
replacing the traditional two- dimensional point A concept. Image- 
guided adaptive brachytherapy has become the new standard of 
care in Europe according to the recommendations of the European 
Society of Gynaecologic Oncology, the European Society for Radi-
otherapy and Oncology, and the European Society of Pathology,48 
and is incorporated in the American Society of Radiation Oncology 
cervical cancer guidelines.49
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